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Abstract 
The distribution characteristics of travel time, which present the uncertainty of travel time fluctuation, are 
valuable for the study on traffic assignment, traffic guidance, network design, and so on. In this paper, we choose 
four routes of expressways in Shanghai as the research objects. The travel time of the study routes is derived 
from floating car data and the distribution characteristics of travel time are analysed in four typical periods in a 
day. Based on the statistical analysis of travel time, we conduct a comparative study of the statistical distribution 
of travel time using Kolmogorov-Smimov test and Anderson-Darling test. The hypotheses of the fitting tests 
include Beta distribution, Normal distribution, Lognormal distribution and other four kinds of distribution. It is 
concluded that the travel time fluctuation have features of pike apex and thick trail on the routes with obvious 
peak hours. Concretely, the travel time distribution cannot be well fitted by Normal distribution in most cases. 
Beta distribution is the most capable of describing the distribution pattern of the routes with obvious crest in peak 
periods. However, for these routes in common periods or other routes in most of periods, Lognormal distribution 
has the best goodness of fit.  
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Chinese Overseas Transportation Association (COTA). 
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1. Introduction 
The operation condition of transportation system is unstable under the influence of various kinds of factors 
such as abnormal weather condition, traffic congestion, traffic control and so on. The instability reduces the 
service quality of transportation system and affects the alternative strategies of travelers as well. From the 
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objective perspective, the instability of the system can be expressed as the uncertainty of travel time, which 
behaves particularly in the probability distribution of travel time. However, subjectively, when encountered with 
practical issues, the indicators of reliability can be obtained from the instability as the barometers of intensity and 
scope. 
To understand the distribution characteristics of travel time, including the features, the forms and the 
regularities of distribution, is too valuable to be neglected in a series of key issues such as the allocation of traffic 
flow, the traffic guidance, the road network design and so on. In current studies, to simplify the calculation, the 
vehicle travel time is usually assumed to follow a Normal distribution or a symmetric, bounded and independent 
distribution. Compared with the actual circumstances, there exists apparent differences. 
In this study, using empirical data derived from floating car data, the route travel time of four study sections 
drawn from the expressways in Shanghai is calculated. The empirical analysis is trying to investigate the random 
distribution characteristics of route travel time. In the next section, an overview of the literature on travel time 
distribution is presented. The dataset and data processing method are described in the third section. In the fourth 
section, the empirical analysis and results are illustrated, resulting in the conclusions obtained in the fifth section.  
2. Literature Review 
The random distribution of travel time has long since become an issue of concern. For a long period of time, 
artificial investigation was the only alternative to the acquisition of research data, which not only consumed a 
huge quantity of time, manpower and physical resources, but also resulted in unrepresentative conclusions. 
However, until recently, with the improvement of science and technology in the field of transportation, the 
technology of traffic information collection, transmission and publishing has become increasingly perfect, 
providing support for the access to the real-time data. 
It has been more than 50 years since G. B. Dantzig (1955) tried to depict the uncertainty of vehicle travel time 
by a stochastic program. In the follow-up studies, assumptions simplifying the distribution of vehicle travel time 
were introduced to reduce the complexity of calculation. That the travel time followed a Normal distribution was 
one of the most common assumptions, following by certain distributions which were symmetric, bounded and 
independent. However, the results of statistical analysis based on empirical investigation indicated the asymmetry 
of travel time distribution, which exists an obvious left margin (minimum value) and a fat tail owing to the 
exceptional events on the paths. (Y. Xue, 2011) Therefore, in spite of the fact that the assumed distributions 
contributed to the simplification of calculation, they were not consistent with the actual vehicle travel time 
distributions. 
Herman and Lam (1984) found that travel time distribution was asymmetric and of positive skewness. Their 
study suggested that only with the lowest 60% of the travel time was the Normal distribution valid. The study of 
Richardson and Taylor (1978) also identified the positive skewness of the vehicle travel time distribution. Bell 
and Iida (1997) proved that the route travel time fit a Normal distribution only under the circumstance with heavy 
traffic; however, the Lognormal distribution had the best goodness of fit in the situations with less traffic flow. In 
), the route travel time distribution was estimated by Beta distribution, resulting in an 
acceptable goodness of fit. 
In the recent studies, Lognormal distribution is generally accepted by researchers to describe the vehicle travel 
time. Lognormal distribution corresponds with the left margin and fat tail of travel time distribution and has a 
 proved by many empirical studies that Lognormal distribution 
exhibits an acceptable goodness of fit in most cases. Gamma distribution is another common distribution with 
good fitting characteristics, which is authenticated by the studies of Polus (1979), Dandyand McBean (1984) and 
2003) mentioned 
2006), which further found that Beta distribution was capable of 
describing the distribution patterns of evening peaks. 
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3. Dataset and study objects 
3.1. Dataset 
The data applied in this study comprises the floating car data and the major road information in Shanghai. All 
data used in this study and their attributes are listed as follows: 
 Floating car data: 
The floating car data collection technology periodically updates the information such as location, direction and 
instantaneous velocity of vehicles through the taxis and buses with Global Positioning System (GPS), and then 
obtains the traffic information such as travel speed and travel time of the corresponding sections after processing 
the data with map-matching algorithm. Since the floating car data takes the advantages of excellent continuity of 
data, large amount of information, low cost of collection and full-time operation, it applies for the traffic 
information collection in a complex and large-scale urban road network and is widely used in the application and 
research of transportation engineering. 
The floating car data used in this paper was collected between May 5th and May 11th in 2010. The data covers 
all the urban roads within the outer ring of Shanghai including 25,949 sections; and the sampling interval is two 
minutes. The floating car data consist of section ID, travel speed and timestamp. 
 Road information: 
The major road information in Shanghai includes two parts: the road section information base in Shanghai and 
the geographic data of roads in Shanghai. 
The road section information base includes all the major arteries in Shanghai with 26,619 sections in all and 
covers all the sections in floating car data. The information is composed of section ID, ID of the origin and the 
destination of the section respectively, length of the section and name of the road related.  
The geographic data of roads in Shanghai is composed of expressways and major arteries in the urban area. 
The digital map is assembled from link layer and node layer with geographic coordinate system. 
3.2. Data Processing 
The following steps are used to calculate the route travel time of study objects based on combining different 
data sources such as floating car data, road information and geographic data. 
Step 1: Identify the sections which constitute the study objects. 
Sections constituting a study route are supposed to be end to end. It means that the origin of the present section 
adjacent sections are required to be just the same. IDs of the sections, obtained from the road information, should 
be assembled for the subsequent calculation. 
Step 2: Calculate the travel time of the sections. 
For each section i , its length il  can be obtained from the road information, and its travel speed at time t , 
iv t  can be derived from the floating car data. Thus, the vehicle travel time on section i  at time t  can be 
calculated as the following formula (1):  
i
i
i
lt t
v t
  (1) 
In the raw data, il  measures in meters; iv t  measures in meters per second; and the travel time it t  
measures in seconds. 
Step 3: Calculate the travel time of the study routes. 
Under the actual circumstances, as a vehicle heads for the next section, the traffic condition of the next section 
has changed leading to the change of the travel time. Therefore, while calculating the route travel time, the travel 
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time of each section changes with the arrival time. Concretely speaking, as shown in Figure 1, the travel time
from O to C is:
AB OAOC OA AB OA BCT t T t T t T t T t T t T t (2)
where OCT t , OAT t , ABT t and BCT t stand for the travel time of section OC , OA , AB and BC at time t
respectively.
Fig. 1. Calculation of actual route travel time
However, since the sampling interval of floating car data is two minutes which is much longer than the section 
travel time. There is no sense to measure the difference between the actual value and the estimated value because
of the data unavailability. Thus, in this paper, route travel time is calculated by summing up the travel time of 
each section at the same time. The route travel time can be written as the following equation:
1 1
j jI I
i
j i
i i i
lt t t t
v t
(3)
where:
jt t travel time on route j (s);
jI number of sections in route j ;
it t travel time  on section i (s);
il length of section i (m);
iv t travel speed on section i (m/s).
3.3. Study objects
Up to the first half of 2010, the mileage of expressways in operation had totalled 141.0 kilometres in Shanghai.
As shown in Figure 2, the expressway system with three rings and ten rays had begun to take shape.
In this paper, four routes are chosen from the expressways as the study objects with the following criteria:
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Fig. 2. Expressways in Shanghai (up to March, 2010)
All the sections are located in the urban area of Shanghai (within the outer ring).
Missing values in the floating car data should not affect the subsequent analysis. Ideally, the total sample size
of each section is 720 every day.
There are no intersections or overlaps among study objects to ensure the independence of the travel time
variability in different routes.
The four study objects and their attributes are listed in Table 1.
4. Empirical analysis and results
The sampling time of floating car data, from May 5th, 2010 (Wednesday) to May 11th, 2010 (Tuesday), is
selected as research dates, which covers seven days for a whole week. Before the empirical analysis, raw data 
related to the study objects has been processed in advance, and then the route travel time has been calculated by
the above mentioned measures.
4.1. Calculation results of route travel time
As the data processing method mentioned above, the travel time of each study route is calculated.
Taking May 11th (Tuesday) and May 8th (Saturday) for example, the changing tracks of route travel time are
shown as Figure 3. Meanwhile, the statistical analysis results are listed in Table 2.
As is shown in Figure 3 and Table 2, the 4 routes can be classified into two groups: the routes with obvious
crest in peak hours particularly in the morning peaks and the routes without obvious peak hours.
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Table 1. Attributes of study objects
Expressway Schematic Drawing Length(m) Number of Ramps(on/off-ramp)
1 (Hongjing Rd. Kaixuan Rd.) 6128 5 / 2
2 South-North Elevated Road(Inner Ring Outer Ring) 6720 4 / 5
3
Middle Ring Road
(Beihong Rd. Tunnel Shangzhong
Rd. Tunnel)
10563 3 / 6
4 Inner Ring Road(Dabaishu Yangpu Bridge) 8208 4 / 2
The first group includes route 1 and route 4, the distribution properties of which appear obvious different 
between peak periods and common periods. Based on the calculation results of all the seven days, to these routes,
the kurtosis of travel time in weekdays is much bigger than 3, and most of the skewness is positive, which
demonstrates that travel time fluctuation have features of pike apex and thick trail on the routes in the first group.
In other words, the travel time fluctuation in certain time periods is one of the key factors that leads to the
distribution characteristics of pike apex and thick trail. The other group includes route 2 and route 3, distribution
properties of which, compared with the first group, have no significant differences among all the periods. 
In the following analysis, the distribution characteristics are supposed to be discussed in light of the different
groups respectively.
Table 2. Distribution properties of route travel time in May 11th and May 8th
Date Mean S.D. Skewness Kurtosis Range
0511 127.21 70.55 2.27 5.39 387.94
123.98 49.79 1.16 0.10 202.04
2 0511 110.17 18.64 1.14 1.63 107.38107.68 15.23 0.55 1.04 94.86
3 0511 161.14 14.30 0.74 0.50 84.93156.81 15.42 1.27 3.47 104.66
4
0511 157.00 63.42 3.16 9.45 327.85
130.89 11.34 0.30 0.55 69.84
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(1) (2)
(3) (4)
Fig. 3. Route travel time in May 11th and May 8th
4.2. Analysis of travel time distribution
Considering the shape of distribution, ten kinds of distributions are chosen to fit the distributions of the
empirical data, including Beta distribution, Gamma distribution, Gamma distribution with three parameters,
Gumbel distribution, Log-Logistic distribution, Log-Logistic distribution with three parameters, Logistic 
distribution, Lognormal distribution, Lognormal distribution with three parameters and Normal distribution. To
determine the goodness-of-fit, Kolmogorov-Smimov test (K-S test) and Anderson-Darling test (A-D test) are
applied in the analysis.
The four study objects are tested in four typical time periods in each day respectively. The research time
periods are 0:00 a.m. to 3:00 a.m., 7:00 a.m. to 10:00 a.m. for morning peak, 17:00 p.m. to 20:00 p.m. for 
evening peak and 21:00 p.m. to 24:00 p.m. Additionally, the 24 hours of a day is also considered a typical time
period in the analysis. The results of the hypothesis tests are summarized in group as listed in Table 3 and Table 4.
Sorting by the average ranks, the relative rank of each distribution in goodness-of-fit in different time periods
can be achieved as shown in Figure 4.
Analysis results through the two study routes in the first group suggest that Beta distribution is the most 
capable of describing the distribution pattern of the routes with obvious crest in peak periods of workdays. As is
shown in Table 3 and Figure 4-1, in the morning peak periods of workdays, Beta distribution is listed first among
all the candidate distributions. The proportion of Beta distribution being the optimum distribution is 50 percent;
while Beta distribution has the least proportion of null hypothesis being rejected which is far less than that of any 
other distribution. However, for these routes in other time periods, Beta distribution no longer has evident 
advantages.
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Table 3. Hypothesis test results 
The first group:                 1- Average rank; 2- Proportion of being optimum distribution; 3- Proportion of null hypothesis being rejected 
 Distributions 
Workdays 
Morning Peak Other Periods 24 Hours 
1 2 3 1 2 3 1 2 3 
1 Beta 2.2 50% 30% 3.5 30% 20% 6.7  100% 
2 Gamma 5.8  90% 6.2  33% 6.4  100% 
3 Gamma(3P) 5.7 10% 100% 3.4 10% 10% 3.0  100% 
4 Gumbel 9.4  100% 9.7 3% 93% 10.0  100% 
5 Log-Logistic 5.0  90% 5.5  27% 4.2  100% 
6 Log-Logistic(3P) 2.7 30% 80% 3.2 50%  1.0 100% 100% 
7 Logistic 8.6  100% 8.1  43% 8.1  100% 
8 Lognormal 5.4  90% 5.8  30% 5.1  100% 
9 Lognormal(3P) 3.9 10% 90% 2.8 3% 3% 2.0  100% 
10 Normal 6.3  80% 6.8 3% 37% 8.5  100% 
 Distributions 
Weekends 
Morning Peak Other Periods 24 Hours 
1 2 3 1 2 3 1 2 3 
1 Beta 2.8 25%  4.6  100% 6.3  100% 
2 Gamma 5.5 25% 50% 7.0  100% 5.3  100% 
3 Gamma(3P) 3.8   3.0 17% 58% 5.0  100% 
4 Gumbel 10.0  100% 10.0  100% 10.0  100% 
5 Log-Logistic 5.3   4.8  92% 6.3  100% 
6 Log-Logistic(3P) 4.5 50%  1.4 75% 25% 2.0 50% 50% 
7 Logistic 7.5   7.8  100% 6.3  100% 
8 Lognormal 5.0   5.9  100% 5.0  100% 
9 Lognormal(3P) 3.5   2.1 8% 33% 4.0  50% 
10 Normal 7.3  50% 8.5  100% 5.0 50% 100% 
The second group:             1- Average rank; 2- Proportion of being optimum distribution; 3- Proportion of null hypothesis being rejected 
 Distributions 
Workdays 
Morning Peak Other Periods 24 Hours 
1 2 3 1 2 3 1 2 3 
1 Beta 7.5  70% 6.5  73% 4.1  100% 
2 Gamma 5.5 10% 50% 6.3 3% 77% 7.1  100% 
3 Gamma(3P) 4.0  40% 2.9 20% 33% 2.8 10% 80% 
4 Gumbel 10.0  90% 10.0  100% 10.0  100% 
5 Log-Logistic 3.8  40% 4.6  57% 5.3  100% 
6 Log-Logistic(3P) 2.7 60% 20% 2.1 57%  1.7 50%  
7 Logistic 6.9  40% 7.6  83% 8.3  100% 
8 Lognormal 4.7 10% 50% 5.2 3% 73% 5.6  100% 
9 Lognormal(3P) 3.1 10% 30% 2.1 13% 10% 1.6 40% 40% 
10 Normal 6.8 10% 60% 7.8 3% 83% 8.5  100% 
 Distributions 
Weekends 
Morning Peak Other Periods 24 Hours 
1 2 3 1 2 3 1 2 3 
1 Beta 6.8  75% 6.5  83% 4.8  100% 
2 Gamma 6.5  50% 6.0  83% 7.5  100% 
3 Gamma(3P) 3.8  50% 3.4  33% 3.5  100% 
4 Gumbel 10.0  75% 10.0  92% 10.0  100% 
5 Log-Logistic 3.5 25% 50% 5.0  58% 3.3  100% 
6 Log-Logistic(3P) 2.5 50%  2.1 67% 17% 1.0 100%  
7 Logistic 7.5  50% 7.4  83% 7.5  100% 
8 Lognormal 4.3  50% 4.7 17% 75% 6.0  100% 
9 Lognormal(3P) 2.5 25% 25% 2.3 17% 17% 2.5  50% 
10 Normal 7.8  50% 7.7  83% 9.0  100% 
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(1) The first group
(2) The second group
Fig. 4. Relative ranks in goodness-of-fit
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Figure 5-1 and Figure 5-2 give histogram graphs of route 3 fitted by curves of 10 probability density
functions of the candidate distributions in the morning peaks of May 11th and May 5th, where beta distribution
shows the best goodness-of-fit. Beta distribution describes a variety of patterns of distribution with one equation, 
leading to a more accurate description of distribution characteristics. The probability density function of beta
distribution is:
11 1
,0 1
,
0 ,
bax x
f x B a b
Others
(4-1)
where 0a , 0b and
1 11
0
, ba x dxB a b x 1 (4-2)
As shape parameter and scale parameter change, alterations occur in the shape of probability density function
curves, which enables Beta distribution to be more flexible and adaptable. 
(1) Route 4 in the morning peak of May 11th (2) Route 4 in the morning peak of May 5th
(3) Route 3 in 21:00~24:00, May 11th (4) Route 4 in 21:00~24:00, May 11th
(5) Route 3 in 21:00~24:00, May 8th (6) Route 4 in 21:00~24:00, May 8th
Fig. 5. Distribution of travel time
On the other hand, for all the study routes in most time periods, candidate distributions with three parameters
such as Log-Logistic distribution, Gamma distribution and Lognormal distribution prove adequate to fit the travel 
time distributions. In most cases, distributions with three parameters emerge as one of the distributions with the
least proportion of null hypothesis being rejected. Additionally, among other distributions with two parameters,
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Lognormal distribution, Log-logistic distribution and Gamma distribution are capable of representing the 
distribution patterns, especially the Lognormal distribution. On the contrary, the fitting curves of Gumbel 
distribution, Normal distribution and Logistic distribution with two parameters are not well constant with the 
empirical data. Most often, the three distributions mentioned above are at the bottom of the lists from the view of 
average ranks. Figure 5-3 to Figure 5-6 give histogram graphs of route 3 and route 4 fit by curves of 10 
probability density functions of the candidate distributions in the research time periods from 21:00 p.m. to 24:00 
p.m. in May 11th (as a representative of workdays) and May 8th (as a representative of weekends) respectively. 
conclusion on the difference of goodness-of-fit can be drawn. On the study routes in the first group, the goodness-
of-fit of the same distribution in different time periods differs greatly. However, the goodness-of-fit on the routes 
in the second group by contrast has no significant difference. Taking Beta distribution for example, as is listed in 
Table 3, Beta distribution is relatively ranked first on routes of the first group in the morning peaks of weekdays; 
however, it declines dramatically to the fifth in other periods of weekdays even ninth in 24 hours of weekends. 
5. Conclusion 
By analyzing the travel time distribution of expressways in Shanghai, following conclusions can be 
generalized from the analysis results: 
On the routes with obvious crest in peak hours, the distribution of route travel time has features of pike apex 
and thick trail. It can be summarized that the travel time fluctuation in certain time periods is one of the key 
factors that leads to the distribution characteristics of pike apex and thick trail. 
In the peak hours of workdays, Beta distribution is the most capable of describing the distribution 
characteristics, on the routes with obvious crest in peak hours. However, among all the distributions with two 
parameters, Lognormal distribution has the best goodness-of-fit on these routes in common periods or other 
routes in most of periods. 
In most cases, travel time distribution is well fit by distributions with three parameters. However, the travel 
time distribution cannot be well fit by Normal distribution as well as Gumbel distribution and Logistic 
distribution with two parameters, which are at the bottom of the lists most often. 
On the routes with obvious peaks periods, goodness-of-fit of the same distribution in different time periods 
differs greatly. However, the goodness-of-fit on the other routes has no significant difference.  
Analysis results prove that the assumption of travel time following normal distribution is not inappropriate. In 
fact, the distribution characteristics of route travel time are closely related with traffic condition on the route. The 
conclusions of this paper are valuable for the study on traffic assignment, traffic guidance and network design. 
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